Idiopathic pulmonary fibrosis (IPF) and chronic obstructive pulmonary disease (COPD) are chronic disabling lung diseases that progress slowly in the elderly and are characterized by remodeling of the lung interstitium or bronchoalveolar structure. Patients with IPF or COPD have various comorbidities such as pulmonary arterial hypertension, ischemic heart disease, sleep-disordered breathing, and even cancer. Chronic hypoxia is one of the most important mechanisms in these patients and promotes changes in the lung parenchyma and vascular structure via systemic inflammation and endothelial dysfunction. Research on sleep disturbance in IPF and COPD has been vigorously conducted, and there have been reports in recent years that have suggested that obstructive sleep apnea (OSA) is closely related to disease progression and poor clinical outcomes in these two diseases. Intermittent hypoxia (IH), a key mechanism of OSA, induces further systemic inflammation and sympathetic overactivity, which may aggravate disease progression in IPF and COPD, which characteristically predispose to chronic hypoxia. Epidemiologic and experimental evidence has shown that OSA and IH could be promising targets to prevent the progression of IPF and COPD. This review provides a possible pathological mechanism of OSA and IH and suggests their promising role as emerging targets for disease control in IPF and COPD.
INTRODUCTION
Idiopathic pulmonary fibrosis (IPF) and chronic obstructive pulmonary disease (COPD) are typical chronic lung diseases that progress slowly in the elderly. Recent years have seen the development of new anti-fibrotic agents and ongoing development of inhalers, and there have been improvements in the control of both diseases. However, the mortality and clinical outcomes of IPF and COPD remain of concern, and the burden of illness and economic cost to patients and society remain high [1, 2] . IPF is characterized primarily by the restriction of pulmonary function due to fibrosis of the interstitial area, while COPD is characterized by the obstruction of pulmonary function due to an emphysematous change in alveolar and bronchiolar inflammation. However, the two diseases have several commonalities. Systemic inflammation Obstructive Sleep Apnea and Chronic Lung Disease and excessive oxidative stress play an important role in the exacerbation and outcome of the two diseases. Moreover, exacerbation events accelerate the vicious cycle of these diseases. In addition, the prevalence rates of ischemic heart disease, pulmonary hypertension, cancer, and sleep disturbance are higher in IPF and COPD than in the general population [3] [4] [5] . Among these, obstructive sleep apnea (OSA), in particular, has been highlighted in recent years as one of the most promising targets to prevent disease progression and improve quality of life.
OSA is a sleep-related breathing disorder characterized by repetitive disruption of sleep due to collapse of the upper airway [6] . Intermittent hypoxia (IH) is the most important pathological marker in OSA, which also causes systemic inflammation and excessive oxidative stress. The association of OSA with various chronic and metabolic diseases is being increasingly reported. Re-cent advances in the testing and treatment of OSA have elucidated this association in patients with chronic disease. For example, OSA and cardiovascular disease outcomes have been studied extensively, and treatment of OSA to prevent cardiovascular disease is promising. However, there have been relatively few theoretical studies regarding the role of OSA in chronic respiratory diseases. Therefore, we focused on the relationships of IPF and COPD with OSA, in terms of epidemiological and experimental results, and suggest a putative role of OSA as a target for control of IPF and COPD.
EPIDEMIOLOGIC EVIDENCE: OSA AS A DISEASE-AGGRAVATING FACTOR IN IPF AND COPD

Epidemiologic evidence of the association between OSA and IPF
Overall, published research has reported a distortion of sleep architecture, including decreased sleep efficiency, increased sleep fragmentation, and sleep-related hypoventilation in patients with IPF, while OSA was also frequently observed [7, 8] . The reported prevalence of OSA in the literature is 6-91%, and several reports have suggested its close association with quality of life and prognosis in patients with IPF [9] . After the IPF diagnostic criteria were more clearly defined in 2002 by the American Thoracic Society/European Respiratory Society, studies on sleep disorders in IPF patients began to be conducted in earnest. Since the Cleveland Clinic Sleep Disorders Center reported an OSA prevalence of about 60% in a retrospective study of 18 IPF patients who underwent polysomnography (PSG), several additional studies have been conducted on sleep-disordered breathing (SDB) in IPF [8] .
In most of these studies, the prevalence of OSA was significantly higher in IPF patients than in a healthy population of the same age [10, 11] . The exact mechanism underlying the high prevalence of OSA in patients with IPF has not yet been established. Reduced lung volume has been considered one of the main causes [12] . In general, upper-airway resistance increases during sleep, while functional residual capacity (FRC) decreases. When seeking to elevate the lung volume beyond the decreased FRC, increased respiratory effort exerted via negative extrathoracic pressure frequently leads to collapse of the upper airway [13] . Therefore, OSA is more common in IPF patients than in the general population. Moreover, OSA is associated with various comorbidities such as pulmonary hypertension, gastroesophageal reflux disease, and diabetes; these comorbidities are important factors driving disease progression [14] [15] [16] . Recently, a single-center observational study was conducted in Italy that enrolled 35 IPF patients after PSG. They found that the more severe the OSA and hypoxemia, the higher the rates of mortality and clinical deterioration [17] . Although the small number of study patients was a limitation, there is growing evidence to indicate that OSA induces IPF aggravation and is closely associated with poor outcomes.
Epidemiologic evidence of the association between OSA and COPD
The epidemiologic evidence for an interaction between COPD and OSA is still under debate. Zhao et al. [18] showed that the prevalence of COPD was lower among patients with SDB than among those without SDB, while Soler et al. [19] reported a higher prevalence of OSA in patients with moderate-to-severe COPD. These contrasting findings are due to the nature of COPD, which is usually diagnosed when an irreversible airway obstruction is noted in a pulmonary function test. However, there is a wide spectrum of disease phenotypes associated with such abnormal airway obstruction. The heterogeneity of these diseases, which include an emphysema phenotype, chronic bronchitis phenotype, and elderly COPD, appears to be the reason for the difficulty in clarifying the relationship between COPD and OSA. It has recently been reported that the prevalence of OSA varies according to body mass index (BMI) and COPD type. Patients with COPD, those with dominant emphysema, and those with a low BMI may have a lower likelihood of OSA. On the other hand, patients with a higher BMI, those with a chronic bronchitis phenotype, and those with cor pulmonale are predisposed to OSA [20, 21] . There are several pathological mechanisms linking OSA and COPD. Upper-airway inflammation associated with cigarette smoking [22] and myopathy of the upper-airway muscles caused by inhaled corticosteroids [23] may induce OSA in patients with COPD. Moreover, OSA exacerbates COPD by promoting inflammation of the lower respiratory tract [24] . Recently, combined COPD and OSA has been referred to as overlap syndrome, which constitutes a distinct disease entity; such patients show poor clinical characteristics and outcomes compared to COPD-only patients in general. The Spanish Sleep Cohort Study showed that COPD-OSA overlap syndrome patients not undergoing continuous positive airway pressure (CPAP) treatment had increased rates of hospitalization and death due to COPD exacerbation compared to a COPD-only group [25] . There is therefore a growing consensus that certain phenotypes of COPD are responsible for a high proportion of OSA, and that OSA could impact significantly on COPD deterioration and prognosis.
INTERMITTENT HYPOXIA AND CHRONIC HYPOXIA: CRITICAL FEATURES IN IPF AND COPD COMBINED WITH OSA
Chronic hypoxia in IPF and COPD
The most important clinical feature of IPF and COPD, and the accepted index of disease progression, is hypoxia. V/Q mismatch and diffusion impairment are the main mechanisms of hypoxia in the two diseases [26, 27] . Fibroblast and myofibroblast proliferation and excessive deposition of disorganized collagen and extracellular matrix are the main pathological features of IPF, resulting in distortion of the normal lung alveoli, interstitial spaces, and vasculature structures [28] . In COPD, on the other hand, progres-sive airflow limitation due to airway inflammation and emphysematous destruction of the alveolar and pulmonary capillaries are observed during disease progression [27] . These changes gradually induce chronic hypoxia and, in advanced cases, eventually lead to pulmonary vasoconstriction and pulmonary hypertension.
Various mechanisms exist that may explain IPF and COPD deterioration. The most important mechanism is systemic inflammation arising from chronic hypoxia. In IPF, persistent hypoxia activates cytokines such as protein kinase C and interleukin (IL)-1, which stimulate vasoconstriction, fibroblast expression, and leukocyte recruitment [29] . Recruited inflammatory cells release matrix metalloproteinases, transforming growth factor beta, and tumor necrosis factor alpha (TNF-α), and cause collagen deposition leading to IPF progression [30] . This vicious cycle between chronic hypoxia and fibrosis accelerates IPF progression. Several studies have also reported that endothelial cell dysfunction and remodeling due to chronic hypoxia cause microvascular injury, which is associated with IPF progression [31] . Similarly, chronic hypoxia in COPD patients induces systemic inflammation via increased levels of circulatory cytokines, such as TNF-α and IL-6 [32] , and causes excessive oxidative stress [33] . Such systemic inflammation and excessive oxidative stress due to chronic hypoxia cause cardiovascular morbidity, as well as progression of COPD itself.
IH in IPF and COPD combined with OSA
IH, a condition in which periods of normoxia alternate with hypoxia, is a representative pathognomic mechanism induced by OSA. Patients with OSA experience repetitive episodes of apnea and hypopnea during the sleep cycle, leading to excessive systemic inflammation and overproduction of reactive oxygen species. These critical processes during IH in OSA cause endothelial dam-age and further tissue damage [34] . Various comorbidities of OSA are linked to IH. Metabolic dysfunction and vascular complications in patients with OSA are usually caused by this effect [35] which is also closely related to systemic inflammatory markers such as TNF-α and IL-8, which are the major cytokines associated with disease progression in IPF and COPD [36] . The presence of such overlapping molecules may represent evidence that OSA is closely related to IPF and COPD progression, and that patients with combined OSA have a larger disease burden and increased systemic inflammation compared to those without OSA in IPF or COPD. In addition, as in OSA, IPF and COPD patients show sympathetic overactivity and endothelial dysfunction. Cardiovascular disease and pulmonary hypertension are frequently observed in IPF and COPD patients, as in OSA [9, 37] . However, it remains unclear whether IH or chronic hypoxia promotes more severe systemic inflammation and vascular remodeling. In IPF and COPD patients, who are already predisposed to chronic hypoxemia and sympathetic over-activity, exposure to additional IH increases the duration and frequency of hypoxia and promotes further systemic inflammation, sympathetic over-activity, and vascular remodeling (Figure 1 ). Obviously, IPF and COPD patients with OSA have poorer clinical outcomes, such as higher levels of cardiovascular disease and decreased survival, compared to those without OSA [38, 39] .
RECENT EXPERIMENTAL EVIDENCE OF IH AS A POSSIBLE AGGRAVATOR OF IPF AND COPD
Many studies on the cardiovascular complications of IH and OSA have focused on remodeling of the vasculature. However, studies on the effects of IH on the deterioration of pulmonary disease are lacking. Using in vivo experiments, recent studies have shown that IH may also affect the course of lung fibrosis. Gille et al. [40] suggested that chronic IH promoted lung fibrosis and increased mortality in a bleomycin-induced lung-injury mouse model. They demonstrated that exposure to chronic IH worsened bleomycin-induced lung injury via increased neutrophilic pulmonary inflammation, lung cell apoptosis, increased collagen accumulation, and an imbalance between antioxidants and prooxidants. In the area of COPD experimental models, Yang et al. [41] demonstrated that IH promoted more severe systemic inflammation, endothelial inflammation and endothelial damage than seen in controls in an emphysematous rat model. Li et al. [42] reported similar results, in that rats with emphysema and IH had a higher pro-inflammatory and pro-thrombotic status than controls. Several studies have been conducted on excessive inflammation in rat models of overlap syndrome, although few have been conducted to determine whether IH initiates or promotes the progression of COPD. Additional experiments are needed to determine whether blocking IH can serve as a promising therapeutic target for COPD.
OSA: NON-PHARMACOLOGICAL THERAPEUTIC TARGET OF IPF AND COPD
In recent years, clinical data have emerged showing that OSA and IH may be major targets to prevent disease progression and improve prognosis in IPF and COPD. Kolilekas et al. [38] showed that intermittent sleep oxygen desaturation was closely associated with functional impairment and poor survival outcomes in 31 IPF patients who underwent PSG. They suggested that IH could be a major target for improving the prognosis of IPF. Mermigkis et al. [43] analyzed the effect of CPAP treatment on the prognosis of 55 patients with combined IPF and OSA. Despite study limitations such as a short follow-up duration and small population, the CPAP group that showed good compliance nevertheless had better quality of sleep and survival outcomes compared to the CPAP group that showed poor compliance. Similar results have been obtained in COPD patients. Marin et al. [25] demonstrated that patients with COPD-OSA overlap syndrome treated with longterm CPAP had favorable survival outcomes compared to nontreated patients in a 10-year follow-up study. Machado et al. [44] reported similar results: patients with OSA and COPD receiving CPAP showed higher survival in their prospective cohort study in Brazil.
In light of the above, active surveillance of OSA and IH via PSG is necessary in IPF and COPD patients. In addition, active management using CPAP is required to delay disease progression in patients with IPF or COPD combined with OSA. This will be a major clinical non-pharmacologic target in IPF and COPD patients in the future, as will long-term oxygen therapy.
CONCLUSION AND FUTURE RESEARCH PERSPECTIVES
Chronic hypoxia promotes systemic inflammation and pulmonary vascular damage in IPF and COPD. In addition, the prevalence of OSA is significantly higher in these two diseases than in the general population. If IH, which is a key mechanism of OSA, overlaps with IPF and COPD, it induces greater oxidative stress and systemic inflammation, and accelerates lung structural damage and endothelial remodeling in IPF and COPD. Recent clinical and experimental data have shown that IH is closely associated with disease progression and a worse outcome in IPF and COPD. Additionally, treatment of IH could attenuate disease progression and improve clinical outcomes. Therefore, clinicians need to diagnose OSA early in IPF and COPD through active surveillance via PSG, and intervene with CPAP to improve the prognosis of IPF and COPD. Moreover, in vivo and in vitro experiments focusing on identifying distinct mechanisms linking IH with the initiation or progression of the two diseases are needed to establish clearer evidence. In addition, a large-scale prospective clinical study to clarify the clinical impact of treating OSA in patients with IPF and COPD should be performed in the future.
